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1
OPTICAL OBSERVATION DEVICE WITH AT
LEAST ONE VISUAL OBSERVATION BEAM
PATH

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(a)-
(d), to German Application No. 102011 005 229.1, filed Mar.
8, 2011.

FIELD OF THE INVENTION

The invention relates to an optical observation device with
at least one visual observation beam path in accordance with
the preamble of Claim 1.

In optical observation devices such as aiming optics, tele-
scopes, microscopes or the like, it should be possible for
information and/or data, flexible target markers etc. to be
displayed or superposed for the user. Different superposition
and/or inward reflection concepts are known from practice for
this purpose. Such optical inward reflection methods should
substantially fulfill the following boundary conditions. The
transmittance for the main light and/or the observation light
of'the optical observation device should be as high as possible
(for example, greater than 95%). Moreover, the required
physical space for an appropriate inward reflection module
should be adapted to the physical space of the optical obser-
vation device, and/or be small.

The approach in previous solutions has mostly been to use
abeam splitter that is regularly integrated in a prism inverting
system to couple light into the observation beam path from a
display device for displaying a distance or for inward reflect-
ing a target marker. As a result, the transmission of the entire
observation beam path is tangibly reduced and, moreover,
color distortions can occur when the splitter ratio of the beam
splitter depends on the wavelength of the light. Such known
solutions frequently require a greater space than the actual
basic prism system.

DE 195 25 520 C2 describes how images are coupled into
beam paths of microscopes by means of diffractive optical
elements, in particular reflection gratings and transmission
gratings. The diffractive optical elements described there
have no imaging effect. The imaging effect is attained by
further optical elements.

DE 692 22 261 T2 relates to sighting devices and, in par-
ticular, devices that enable an image formed, for example, by
the image of a natural landscape, to be superposed by a second
image that, for example, consists of symbolic elements—
geographic or other symbols, by way of example.

DE 102008 003 414 A1 specifies binoculars with two tubes
in which there is respectively arranged an Abbe Koénig prism
system for image in version of a respective visual observation
beam path, the respective Abbe Konig prism system consist-
ing of an isosceles prism and a roof prism adjacent thereto.

As regards the further prior art, reference is made to WO
00/16150, U.S. Pat. No. 5,355,224 and U.S. Pat. No. 6,914,
726 B2.

SUMMARY OF THE INVENTION

Starting therefrom, it is the object of the present invention
to improve an optical observation device of the type men-
tioned at the beginning, the aim, in particular, being to achieve
a lesser demand on physical space for the inward reflection
module, as well as a high transmission of the observation
beam path.
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This object is achieved according to the invention by an
optical observation device having the features named in
Claim 1.

Owing to the fact that the Abbe Konig prism system, the
Porro prism system or the Schmidt Pechan prism system is
provided with the at least one holographic optical element of
the atleast one device for image superposition, a beam splitter
and an imaging optics which may be necessary are advanta-
geously combined in a hologram that can be introduced at a
suitable point in the prism system. In this case, the hologram
ensures that an, in particular monochromatic, display is
coupled in and, optionally, that the image of the display is
additionally imaged in the observation beam path. This
reduces the requisite physical space substantially and simpli-
fies installation. Owing to the narrow bandwidth of the cou-
pling in, particularly in a region of less than 100 nm, in
particular less than 50 nm, preferably less than 20 nm, the
transmission of the residual wavelengths in the observation
beam path is only slightly disturbed, and the total transmis-
sion of the visual observation beam path becomes much
higher than in the case of the known solutions.

The holographic optical element can eftect a deflection of
the light, which is to be superposed, of the image of the
display device in the at least one visual observation beam
path.

It is advantageous when the holographic optical element
additionally effects an imaging, a collimation and/or a wave-
length selection of the light, which is to be superposed, of the
display device.

The integration and/or combination of the different optical
elements with their effects in a hologram reduces the requisite
physical space and substantially simplifies installation. The
basis for the hologram is provided by an optics consisting, at
least, of a first prism, an optional collimator that images the
display onto an image plane and an optional further prism that
can determine the installation angle of the display. The first
prism should have an angle such that, were the prism
cemented on the face of the inverting prism system, light can
be incident in the prism system from the display. If required,
it would, of course, be possible for yet further optical ele-
ments to be integrated, for example in order to enlarge or
reduce the imaging.

The holographic optical element can be designed to be a
transmitting element, in particular a transmission diffraction
grating.

It is advantageous when the holographic optical element is
applied as a holographic layer to a face of the Abbe Konig
prism system, of the Porro prism system or of the Schmidt
Pechan prism system.

The required physical space can be yet further reduced by
these measures. With the aid of computer generation, in par-
ticular, it is possible by directly exposing a photosensitive
layer, for example silver salt, for the holographic layer to be
applied directly to the prism face by laser engraving, or as a
plastic pressed hologram. The holographic layer can also be
produced in another generally known technique for holo-
graphic fabrication.

In this case, a face of a roof prism, or a face of an isosceles
prism of the Abbe Kdnig prism system or a face of a roof
prism, or a face of a further prism of the Schmidt Pechan
prism system can be provided with the holographic layer.
According to the invention, it can further be provided that the
face is a light entrance face of the roof prism or of the isos-
celes prism of the Abbe Konig prism system, or of the roof
prism or of the further prism of the Schmidt Pechan prism
system for the observation light.
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Likewise, a face of a first prism or a face of a second prism
of the Porro prism system can be provided with the holo-
graphic layer. The face can be a light entrance face or a light
exit face of the first prism or of the second prism of the Porro
prism system for the observation light.

Abbe Konig prism systems, Porro prism systems and
Schmidt Pechan prism systems usually respectively consist
of exactly two prisms. However, it is also possible to add
further prisms.

The optical observation device can be designed, for
example, as binoculars, a telescope, an aiming optics or a
microscope.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantageous refinements and developments of the inven-
tion follow from the subclaims. Exemplary embodiments of
the invention are specified in principle below with the aid of
the drawing, in which:

FIG. 1 shows a schematic of a first embodiment of an
inventive optical observation device;

FIG. 2 shows a schematic of a second embodiment of an
inventive optical observation device;

FIG. 3 shows a schematic of a third embodiment of an
inventive optical observation device;

FIG. 4 shows a schematic of a fourth embodiment of an
inventive optical observation device;

FIG. 5 shows a schematic of a fifth embodiment of an
inventive optical observation device;

FIG. 6 shows a schematic of a sixth embodiment of an
inventive optical observation device;

FIG. 7 shows a schematic of a seventh embodiment of an
inventive optical observation device;

FIG. 8 shows a schematic of a eighth embodiment of an
inventive optical observation device;

FIG. 9 shows a schematic of a ninth embodiment of an
inventive optical observation device;

FIG. 10 shows a schematic of a tenth embodiment of an
inventive optical observation device;

FIG. 11 shows a schematic of a eleventh embodiment of an
inventive optical observation device;

FIG. 12 shows a schematic of a twelfth embodiment of an
inventive optical observation device;

FIG. 13 shows a schematic of a thirteenth embodiment of
an inventive optical observation device; and

FIG. 14 shows a simplified schematic of a production
method for a holographic optical element for use in an inven-
tive optical observation device.

DETAILED DESCRIPTION OF THE INVENTION

The invention is explained below with the aid of a telescope
as the optical observation device. However, it can also be used
with the appropriate modifications for any other desired opti-
cal observation devices.

Functionally identical elements in the different embodi-
ments of the inventive optical observation device are provided
below with the same reference symbols.

FIG. 1 illustrates an inventive optical observation device
1.1 in a first embodiment with a visual observation beam path
2 which has an objective lens 4, that is to be turned in an
operating position to a target object 3 to be observed and
images the target object 3, and an eyepiece 6 that is to be
turned to an eye 5 of an observer. An Abbe Kdnig prism
system 7 for imaging version image inversion of the visual
observation beam path 2 is arranged in the visual observation
beam path 2 between the objective lens 4 and the eyepiece 6.
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The Abbe Konig prism system 7 has a roof prism 74 and an
isosceles prism 7b. As regards further details of the Abbe
Konig prism system 7, reference is made to DE 10 2008 003
414 Al quoted at the beginning, which likewise discloses
binoculars with an Abbe Kdnig prism system. For reasons of
space, in particular, the roof prism 7a is frequently arranged
in the direction of the eyepiece 6 in the visual observation
beam path 2. In addition, the roof prism 7a is then located
closer to the eye 5 of the observer so that—should the roof
prism 7a be defective the optical errors produced are not
perceived by the eye 5, or are not so strongly perceived.

Further provided are a display device 8, intended for dis-
playing an additional image in the visual beam path to the
observer 5, and a device 9 for image superposition that has an,
in particular, diffractive, holographic optical element 10 that
it uses to superpose onto the image of the display device 8 the
image of the target object 3 to be observed in an intermediate
image plane of the visual observation beam path 2. As may
further be seen from FIG. 1, the Abbe Konig prism system 7
is provided with the holographic optical element 10 of the
device 9 for image superposition.

The optical observation device 1 can optionally have a
movable focus unit 11 (indicated by dashes).

The holographic optical element 10 effects a deflection of
the light 12, which is to be superposed, of the image of the
display device 8 into the visual observation beam path 2. The
device 9 can optionally have an imaging optics or imaging
lens 13 (indicated by dashes) that can also serve as a collima-
tor and projects the image of the display device 8 into a
prescribed image plane, and an optional further prism 14
corresponding to a required image deflection for the purpose
of selecting the installation position of the display device 8.

Alternatively, as in the present exemplary embodiment the
holographic optical element 10 can additionally effect an
imaging, a collimation and a wavelength selection of the light
12, which is to be superposed, of the display device 8.

It follows that the basis for the holographic optical element
10 or hologram is an optics 24 consisting of a prism 24a (see
FIG. 12), an optional imaging lens or collimator lens 13, 245,
which images the display device 8 into an intermediate plane,
and an optional further prism 14, 24¢ that takes account of the
installation angle of the display device 8. The prism 24a
should have an angle such that light from the display device 8
can be incident in the Abbe K&nig prism system 7.

The display device 8 can be designed in any way desired,
preferably monochromatically. Consideration is given, for
example, to LED multisegment displays (for numbers and
symbols), LED matrix displays (for desired graphics), LCD
displays backlit by means oflasers or LEDs, or else individual
points that are illuminated by means of LEDs or lasers (for
example in order to display target markers).

The image of the display device 8 appears to be superposed
on the observed image, and can therefore be read off by the
user through the eyepiece 6.

The holographic optical element 10 is designed to be a
transmitting element, preferably a transmission diffraction
grating. The holographic optical element is applied as a holo-
graphic layer 10 directly onto a face 7a' of the roof prism 7a
of the Abbe Kdnig prism system 7 (illustrated in simplified
fashion). The intermediate image plane for image superposi-
tion can thus be seen in a simplified fashion in the face 7a' of
the roof prism 7a, or in the corresponding faces 75',7a", 75",
154',15a" 154" of the further embodiments, described below,
of the inventive optical observation device 1.1 to 1.11.

A second embodiment of an inventive optical observation
device 1.2 is illustrated in FIG. 2. Here, the Abbe Konig prism
system 7 is arranged inverted in the optical observation device
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1.2, that is to say that the roof prism 7a is not turned to the eye
5 of the observer, but to the objective lens 4 or the target object
3.

The holographic layer 10 can be applied directly to the face
7a' of the roof prism 7a by direct exposure of a photosensitive
layer such as, for example, silver salt. Furthermore, it is
possible to introduce the holographic layer 10 into the face 74'
of the roof prism 7a as a laser engraving. The holographic
layer 10 can also be produced as a plastic pressed hologram or
in another, generally known technique for holographic fabri-
cation.

FIG. 3 illustrates a third embodiment of an inventive opti-
cal observation device 1.3. The holographic layer 10 is
applied in this case to a face 75" of the isosceles prism 76 of the
Abbe Konig prism system 7.

FIG. 4 shows a fourth embodiment of an inventive optical
observation device 1.4. By contrast with the third embodi-
ment of the inventive optical observation device 1.3 from
FIG. 3, in this case it is only the Abbe Konig prism system 7
that is arranged in an inverted fashion, and so the roof prism
7a is turned to the eye 5 of the observer.

FIG. 5 shows a fifth embodiment of an inventive observa-
tion device 1.5. Here, a light entrance face 7a" of the roof
prism 7a for the observation light is provided with the holo-
graphic layer 10.

By contrast therewith, FIG. 6 illustrates a sixth embodi-
ment of an inventive optical observation device 1.6, in the
case of which a light entrance face 75" of the isosceles prism
7b for the observation light is provided with the holographic
layer 10.

A seventh embodiment of an inventive optical observation
device 1.7 is illustrated in FIG. 7. In this case, a Porro prism
system 15 with a first prism 15¢ and a second prism 155 is
provided as an inverted system. The Porro prism system 15 is
provided with the holographic optical element 10 of the
device 9 for image superposition. The holographic optical
element is applied as a holographic layer 10 to a face, in
particular a light entrance face 154" of the first prism 15a for
the observation light.

FIG. 8 shows an eighth embodiment of an inventive optical
observation device 1.8, in the case of which, by contrast with
the embodiment in accordance with FIG. 7, the Porro prism
system 15 is arranged in a rotated fashion. In this case, the
light entrance face 154" of the first prism of the Porro prism
system 15 for the observation light is again provided with the
holographic layer 10.

FIG. 9 shows a ninth embodiment of the inventive optical
observation device 1.9 in the case of which a light exit face
154" of the first prism 154 for the observation light is provided
with the holographic layer 10.

FIG. 10 shows a tenth embodiment of an inventive optical
observation device 1.10, and FIG. 11 shows an eleventh
embodiment of an inventive optical observation device 1.11.
In this case, a further face 154" of the first prism 154 is
respectively provided with the holographic layer 10.

FIG. 12 shows a twelfth embodiment of an inventive opti-
cal observation device 1.12, and FIG. 13 shows a thirteenth
embodiment of an inventive optical observation device 1.13.
Inthis case, a Schmidt Pechan prism system 16 is respectively
provided as inverted system with a roof prism 16a and a
further prism 165. A light entrance face (164') of the further
prism (165) of the Schmidt Pechan prism system (16) is
providedin FIG. 12, and in FIG. 13 alight entrance face (164")
of the roof prism (164) of the Schmidt Pechan prism system
(16) is provided with the holographic layer (10) for the obser-
vation light.
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If required, further optical elements, for example for
enlarging or reducing the imaging, can be integrated. In other
exemplary embodiments, the inverting systems 7, 15, 16 can
also be installed in the beam path of a telescope or binoculars
instead of the customary inverting system, and so their dis-
play then appears superposed in the observation image of the
observation device.

The beam paths 2 and 12, respectively, are illustrated
greatly simplified in FIGS. 1 to 13.

A production method for the holographic optical element
10 is illustrated in a simplified fashion in FIG. 14. As may be
seen from FIG. 14, use is made of a laser 21 with the same
wavelength as the light of the display device 8 later employed.
Thelight 21a of the laser is split with the aid of a beam splitter
22. A first component beam 214" of the laser light 21a is
subsequently deflected by a mirror 23 and passes through an
optics 24 that forms the basis of the holographic optical
element 10. The optics in this case has a prism 24a, an
optional collimator lens or imaging lens 245 that images the
display into an image plane, and an optional further prism
24c¢, which can take account of the installation angle of the
display device 8. Thereafter, the component beam 21q' is
directed onto a photosensitive layer 25 (for example silver
salts on glass). The second component beam 214" of the laser
light 21a is likewise reflected at a mirror 26 and then falls
from the rear onto the photosensitive layer 25. The photosen-
sitive layer 25 is exposed to the two component beams 214/,
21a". The holographic optical element 10 is finished after
non-exposed silver salts have been washed out.

LIST OF REFERENCE SYMBOLS

1.1-1.11 Optical observation device

2 Visual observation beam path

3 Target object

4 Objective lens

5 Eye of an observer

6 Eyepiece

7 Abbe Konig prism system

7a Roof prism

7a' Face of the roof prism

7a" Light entrance face of the roof prism

7b Isosceles prism

75" Face of the isosceles prism

75" Light entrance face of the isosceles prism
8 Display device

9 Device

10 Holographic optical element

11 Focus unit

12 Light to be superposed

13, 245 Optional imaging lens/collimator lens
14, 24¢ Optional further prism

15 Porro prism system

15a 1* prism of the Porro prism system

155 2"/ prism of the Porro prism system

15a' Light exit face of the 1°* prism

154" Light entrance face of the 1% prism
15a™ Further face of the 1% prism

16 Schmidt Pechan prism system

16a Roof prism of the Schmidt Pechan prism system
165 Further prism of the Schmidt Pechan prism system
164’ Light entrance face of the roof prism
165" Light entrance face of the further prism
21 Laser

21a Laser light

21a’ 1** component beam of the laser light
21a” 2" component beam of the laser light



US 9,097,892 B2

22 Beam splitter

23 Mirror

24 Optics

24a Prism

25 Photosensitive layer
26 Mirror

While the invention has been described with reference to
various preferred embodiments, it should be understood by
those skilled in the art that various changes may be made and
equivalents substituted for elements thereof without depart-
ing from the scope of the invention. In addition, many modi-
fications may be made to adapt a particular situation or mate-
rial to the teachings of the invention without departing from
the essential scope thereof. Therefore, it is intended that the
invention not be limited to the particular embodiment dis-
closed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments
falling within the scope of the appended claims.

I claim:

1. A telescope with at least one visual observation beam
path, comprising:

an objective lens, that is to be turned in an operating posi-

tion to a target object to be observed and images the
target object;

an eyepiece to be turned to an eye of an observer;

aSchmidt Pechan prism system, arranged in the at least one

visual observation beam path between the objective lens
and the eyepiece, for image inversion of the at least one
visual observation beam path;

adisplay device for displaying an additional image in the at

least one visual observation beam path to the observer;
and

at least one device for image superposition, which has at

least one holographic optical element, and which uses
the atleast one holographic optical element to superpose
onto the image of the display device the image of the
target object to be observed in an intermediate image
plane of the at least one visual observation beam path,
wherein the Schmidt Pechan prism system is provided
with the at least one holographic optical element of the at
least one device for image superposition, wherein the at
least one holographic optical element effects a deflec-
tion of light, which is to be superposed, of the display
device in the at least one visual observation beam path,
wherein the at least one holographic optical element is a
transmitting element for the light of the display device
and for observation light of the target object, wherein the
at least one holographic optical element is arranged at a
face of the Schmidt Pechan prism system, the face being
alightentrance face directed to the target object or a light
exit face directed to the eyepiece, and
wherein the light of the display device and the observation
light of the target object initially enter the at least one holo-
graphic optical element from a same side of the at least one
holographic optical element, the same side of the at least one
holographic optical element being directed towards the target
object.

2. The telescope according to claim 1, wherein the at least
one holographic optical element additionally effects an imag-
ing, a collimation and/or a wavelength section of the light,
which is to be superposed, of the display device.

3. The telescope according to claim 1, wherein the at least
one holographic optical element is applied as a holographic
layer to the face of the Schmidt Pechan prism system.

4. The telescope according to claim 3, wherein the face is a
face of a roof prism of the Schmidt Pechan prism system or a
face of a further prism of the Schmidt Pechan prism system.

10

15

20

25

30

35

40

45

50

55

60

65

8

5. The telescope according to claim 4, wherein the roof
prism or the further prism of the Schmidt Pechan prism sys-
tem is directed to the target object, and wherein the face is a
light entrance face of the roof prism or of the further prism of
the Schmidt Pechan prism system for the observation light.

6. The telescope according claim 4, wherein the at least one
holographic optical element is arranged on one side of a
particular one of the prisms, wherein the one side has an outer
surface and an inner surface, wherein the at least one holo-
graphic optical element is arranged at the outer surface,
wherein the light of the display device transmits through the
at least one holographic optical element and the one side of
the particular prism into the particular prism, and wherein the
observation light of the target object is reflected by the inner
surface of the one side of the particular prism.

7. The telescope according to claim 1, wherein the at least
one holographic optical element is at least one transmission
diffraction grating.

8. The telescope according to claim 1, wherein the at least
one holographic optical element is at least one diffractive
optical element.

9. The telescope according to claim 1, wherein the at least
one holographic optical element is arranged at the light
entrance face that is directed to the target object.

10. The telescope according to claim 1, wherein the at least
one holographic optical element is arranged at the light exit
face that is directed to the eyepiece.

11. A telescope with at least one visual observation beam
path, comprising:

an objective lens, that is to be turned in an operating posi-

tion to a target object to be observed and images the
target object;

an eyepiece to be turned to an eye of an observer;

an Abbe Konig prism system or a Porro prism system,

arranged in the at least one visual observation beam path
between the objective lens and the eyepiece, for image
inversion of the at least one visual observation beam
path;

adisplay device for displaying an additional image in the at

least one visual observation beam path to the observer;
and

at least one device for image superposition, which has at

least one holographic optical element, and which uses
the at least one holographic optical element to superpose
onto the image of the display device the image of the
target object to be observed in an intermediate image
plane of the at least one visual observation beam path,
wherein the Abbe Konig prism system or the Porro prism
system is provided with the at least one holographic
optical element of the at least one device for image
superposition, wherein the at least one holographic opti-
cal element effects a deflection of light, which is to be
superposed, of the display device in the at least one
visual observation beam path, wherein the at least one
holographic optical element is a transmitting element for
the light of the display device and for observation light of
the target object, wherein the at least one holographic
optical element is arranged at a face of the Abbe Kdnig
prism system or the Porro prism system, the face being a
light entrance face directed to the target object or a light
exit face directed to the eyepiece, and wherein the light
of the display device and the observation light of the
target object initially enter the at least one holographic
optical element from a same side of the at least one
holographic optical element, the same side of the at least
one holographic optical element being directed towards
the target object.
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12. The telescope according to claim 11, wherein the at
least one holographic optical element is arranged at the light
entrance face that is directed to the target object.

13. The telescope according to claim 11, wherein the at
least one holographic optical element is arranged at the light
exit face that is directed to the eyepiece.

14. The telescope according to claim 11, wherein the at
least one holographic optical element additionally effects an
imaging, a collimation and/or a wavelength section of the
light, which is to be superposed, of the display device.

15. The telescope according to claim 11, wherein the at
least one holographic optical element is applied as a holo-
graphic layer to the face of the Abbe K&nig prism system or
the Porro prism system.

16. The telescope according to claim 15, wherein the face
is a face of a prism of the Abbe Konig prism system or the
Porro prism system.

17. The telescope according to claim 16, wherein the prism
of'the Abbe Konig prism system or the Porro prism system is

10
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directed to the target object, and wherein the face is a light
entrance face of the prism of the Abbe Konig prism system or
the Porro prism system for the observation light.

18. The telescope according to claim 16, wherein the at
least one holographic optical element is arranged on one side
of'the prism, wherein the one side has an outer surface and an
inner surface, wherein the at least one holographic optical
element is arranged at the outer surface, wherein light of the
display device transmits through the at least one holographic
optical element and the one side of the prism into the prism,
and wherein the observation light of the target object is
reflected by the inner surface of the one side of the prism.

19. The telescope according to claim 11, wherein the at
least one holographic optical element is at least one diffrac-
tive optical element.

20. The telescope according to claim 11, wherein the at
least one holographic optical element is at least one transmis-
sion diffraction grating.

#* #* #* #* #*



